INTRODUCTION
Severe acute respiratory syndrome (SARS) is an emerging infectious disease that first manifested in humans in China in November 2002 1 and subsequently spread worldwide. Outbreaks have occurred in China, 1, 2 Hong Kong, 3, 4 Singapore, 5 Vietnam, 6 Canada, 7 and elsewhere for a combined total of 8,422 probable cases in 32 areas of the world, resulting in 916 confirmed deaths from this disease. In February 2003, SARS broke out in Taiwan, 8 resulting in 665 cases with 180 documented deaths. 9 Early in this outbreak, most cases, including some incidents of nosocomial cluster infection, 8 occurred in northern Taiwan, especially in the Taipei metropolitan area. After the outbreak in northern Taiwan, the southern part of Taiwan (in the vicinity of the industrialized city of Kaohsiung) was also affected. On July 5, 2003 , the World Health Organization (WHO) removed Taiwan from the list of areas with recent local transmission of SARS. The study describes the epidemiologic features of the SARS outbreak in southern Taiwan.
MATERIALS AND METHODS
Study area. Southern Taiwan includes three cities and five counties: Chiayi City and County, Tainan City and County, Kaohsiung City and County, Pingtung County, and Penghu County. Kaoshiung City is the largest metropolitan center of these areas. Penghu County is composed of the Penghu archipelago in the Taiwan straits, and is 130 km (a 30-minute flight) from Kaohsiung City (Figure 1) .
Study subjects. On June 19, 2003 , Taiwan reported its last probable SARS case to the WHO. The official records of reported SARS cases from February 21 to June 19, 2003 were obtained from the Center for Disease Control, Taiwan (TCDC). This study incorporates cases from the hospital in southern Taiwan, as well as cases from hospitals outside the study areas if the patient was a resident of southern Taiwan. A total of 694 SARS records were collected, including 60 duplicated records. After sufficient clinical observation, 48 cases were withdrawn by the reporting hospitals. Five hundred eighty-six cases were analyzed in this study. According to WHO definitions, 10, 11 all reported cases were reviewed by a committee for SARS diagnosis and were categorized as probable, suspected, and excluded cases.
Diagnostic criteria of suspected cases. Before May 1, 2003, any person presenting with a history of high fever (> 38°C) and coughing or breathing difficulty, plus a history of travel to an area with recent local SARS transmission 10 days prior to onset of symptoms, would be classified as a suspected case. 10 On May 1, 2003, the WHO revised this definition to include, in addition to the previous criteria, one or more of the following exposures during the 10 days prior to onset of symptoms: 1) close contact with a person who is a suspected or probable case of SARS, 2) a history of travel to an area with recent local transmission of SARS, and 3) residing in an area with recent local transmission of SARS. 11 The WHO revision also states that a person meeting the above epidemiologic criteria with an unexplained acute respiratory illness resulting in death after November 1, 2002, on whom no autopsy has been performed, would be considered as a suspected case.
Diagnostic criteria of probable cases. At first, a suspected case with radiographic evidence of infiltration consistent with pneumonia or respiratory distress syndrome (RDS) would be classified as a probable case. 10 The WHO later revised the criteria as follows: 1) a suspected case of SARS with radiographic evidence of pneumonia or respiratory distress syndrome, and 2) a case had to test positive for SARS coronavirus by at least two assays. A suspected case with autopsy findings consistent with the pathology of RDS and without an identifiable cause would also be classified as a probable case. If another diagnosis could fully explain the disease, the case was then excluded.
Confirmatory tests. Throat swabs or stool samples were collected from all reported patients at the time of reporting to the government, but not every sample was adequate for a polymerase chain reaction (PCR) test to detect SARS coronavirus. All probable cases with available convalescent serum were tested for antibodies to SARS coronavirus using an enzyme-linked immunosorbent assay (ELISA). However, only highly suspicious and excluded cases with atypical clinical courses were tested for confirmation. Both the PCR and antibody tests were performed by the national laboratory of the TCDC. 12 Unfortunately, most of the PCR and antibody tests were not completed during the disease-endemic period, so the results of these laboratory tests were only used to corroborate the clinical diagnosis.
Associated factors of the SARS outbreak. Factors associated with the SARS outbreak included age, sex, location of reporting hospital, date of symptom onset, and associated source of infection. The sources of SARS infection were divided into four categories. All cases linked to the two hospitals with nosocomial events, either through admission, visitation, or employment, are referred to as nosocomial cases. All other cases in southern Taiwan were either imported from mainland China, Hong Kong, other countries reported to have had SARS outbreak; had a history of exposure to contaminated hospitals in northern Taiwan, or had unknown sources of infection. The positive predictive value (PPV), i.e., the percentage of probable cases of reported cases, was calculated in each group.
Nosocomial infection. In southern Taiwan, nosocomial infections were detected at two hospitals, Kaohsiung Chang Gung Memorial Hospital and Penghu Hospital. Kaohsiung Chang Gung Memorial Hospital, the largest medical center in southern Taiwan, is a 2,500-bed referral center near Kaohsiung city. Penghu Hospital is a 180-bed regional hospital located on the main island of the Penghu archipelago. The first event was induced by an unaware index case who was admitted to Kaohsiung Chang Gung Memorial Hospital on April 26, 2003 from a SARS-contaminated hospital in northern Taiwan (Jen-Chi Hospital in Taipei). The second event resulted from an asymptomatic case of lung cancer admitted to Penghu Hospital soon after being discharged from a contaminated ward of Kaohsiung Chang Gung Memorial Hospital on May 9, 2003. At Kaohsiung Chang Gung Memorial Hospital, nosocomial infections were limited to a chest ward. 13 During the disease-endemic period, the following information was collected to identify the cases related to the nosocomial event: 1) complete history of all reported cases at Kaohsiung Chang Gung Memorial Hospital, 2) exposure history of all fever cases visiting the emergency services of Kaohsiung Chang Gung Memorial Hospital after the contaminated ward was closed, 3) telephone interviews with all discharged patients from the contaminated ward during the disease-endemic period, 4) computerized database from the Bureau of National Health Insurance to locate those patients discharged from Kaohsiung Chang Gung Memorial Hospital who were admitted to other hospitals in neighboring cities or counties during this period, 5) information from the mass media, and 6) official database of reported cases from the TCDC. For this investigation, we divided cases related to nosocomial infection into those with a high and low association with nosocomial infections.
Statistical analysis. Categorical data are reported as frequencies and percentages. A chi-square test was used to analyze the differences between groups and their corresponding linear trends. Dates of symptom onset were shown by epidemic curves. A type I error was set as 0.05 in all tests.
RESULTS
Of the 586 reported cases, 188 cases (32.1%) failed to meet the WHO definition and were excluded. There were 285 (48.6%) suspected cases, and 113 cases (19.3%) which met the criteria of probable cases ( Table 1 ). The mean ± SD age of the patients was 50.5 ± 22.1 years. A total of 510 cases (87.0%), including 97 probable cases (85.8%), 231 suspected cases (81.1%), and 182 excluded cases (96.8%), had adequate specimens for a reverse transcription-PCR to detect the presence or absence of SARS coronavirus. The positive rates were 21.6% (21 of 97), 3.0% (7 of 231), and 0.55% (1 of 182) in the (Figure 2) .
The PPV was used to evaluate the amount of disease reporting. The overall PPV was 19.3% (113 of 586). Women (24.1%) 40-59 years old (26.1%) during the period of nosocomial infection reported from areas with nosocomial infection (25.4%) and with histories of exposure to the hospitals with nosocomial infections (54.6%) had significantly higher PPVs. After the nosocomial infection events, only 4 (3.2%) of 125 reported cases were diagnosed as probable cases. In analyzing the source of SARS infection, the group related to nosocomial infection in southern Taiwan had a much higher value (54.6%) than any other group (12.0-15.8%) ( Table 2) .
As shown in Table 3 , the dates of symptom onset for the six imported cases were from March 13 to May 3. Three of these cases (50%) were PCR positive. The dates of symptom onset in the three cases exposed to a SARS-contaminated hospital in northern Taiwan were recorded on April 20, April 26, and May 24. One of them (33.3%) was PCR positive. This was the index case of the nosocomial infection at Kaohsiung Chang Gung Memorial Hospital.
From April 26 to May 23, a total of 53 cases were defined as nosocomial infection-related cases. Fifteen (28.3%) were confirmed as positive by PCR. Based on the epidemiologic study of the nosocomial events of Kaohsiung Chang Gung Memorial Hospital and Penghu Hospital, 35 cases had epidemiologic evidence of nosocomial events, while 8 cases had only a history of visiting the contaminated hospitals. The former 35 cases included 11 hospitalized patients, 12 family members, 3 doctors, 5 nurses, 3 nursemaids, and 1 morgue worker. The remaining 18 cases had histories of exposure to either Kaohsiung Chang Gung Memorial Hospital or Penghu Hospital, but no epidemiologic association with a nosocomial infection could be established. The former 35 cases had a higher positivity rate for the PCR (37.1%, 13 of 35) than the latter 18 cases (11.1%, 2 of 18) (P ‫ס‬ 0.046).
The other 51 cases did not have the above-mentioned sources of infection. Their dates of onset ranged from April 3 to May 30, and only 2 (3.9%) of them tested positive by the PCR. As with three other cases related to SARS-contaminated hospitals in northern Taiwan, this small group was not analyzed statistically. Comparisons among the other three groups are shown in Table 3 and Figure 3 . As shown in Figure  3 , imported cases were reported first, followed by cases related to nosocomial infection, and then cases without definite sources of infection. The positivity rates for the PCR for imported cases, cases related to nosocomial infection, and cases without known infection sources decreased from 50.0% to 28.3% to 3.9%, respectively, (P < 0.001, by chi-square test for linear trend).
DISCUSSION
In this study, we used the official dataset, which was reported to the WHO. The diagnoses and grading of cases were based on clinical criteria, 10, 11 which should be considered the major limitation of this study. The laboratory tests, including the PCR for SARS coronavirus using throat swabs and stool samples and tests for detecting antibodies to SARS coronavirus using serum samples, had not yet been adequately set up during the disease-endemic period. Well-protected laboratories for conducting the PCR for SARS were also limited, especially during the disease-endemic period. Due to the shortage of protection for SARS at the beginning of the outbreak, adequate collection of throat swabs or stool samples during the active stage of SARS was not available in a number of cases. Furthermore, the sensitivity of the PCR for SARS coronavirus was not completely satisfactory.
14,15 Our PCR results were used only in correlation with clinical diagnoses in this study, since the positivity rate of the PCR for SARS coronavirus was only 21.6% in the probable cases. Although antibody test results should be positive after the window period (time between infection and the development of detectable antibody), the efficiency of immunoflorescent and enzyme immunoassays are improving. 16, 17 In this study, all antibody tests were conducted by the national laboratory of the TCDC, and the results have been extensively evaluated. Using a neutralization test as a reference method, we showed that the sensitivity, specificity, PPV, and negative predictive value were 98.2, 98.7, 98.7, and 98.4%, respectively, for the ELISA. 12 However, only 15.1% of the probable cases could be confirmed by the antibody test. Based on virologic or serologic tests, the number of probable cases in this study should be determined.
In our analysis, the time sequence for different causalities has been shown. Dates of symptom onset were earlier in imported cases, and later in cases related to nosocomial infection and cases with unknown sources of infection. Severe acute respiratory syndrome was first diagnosed in southern Taiwan on March 13, 2003 , approximately three weeks later than in northern Taiwan. At the beginning of the outbreak, only sporadic imported cases were reported. Unfortunately, an uninformed patient from the second contaminated hospital in northern Taiwan unknowingly triggered a nosocomial infection event in the largest medical center on April 26. Although the number of reported cases increased after these nosocomial events, most lacked definite histories of exposure. Because of the efforts of the entire country, SARS was eradicated from southern Taiwan by May 30. The PCR positivity rates were subsequently determined to be 50% in imported cases (3 of 6), 33% in cases related to northern Taiwan (1 of 3), and 28.3% in cases of nosocomial infection (15 of 53). However, only 3.9% of the probable patients (2 of 51) had no history of definite exposure. The PPV was quite low (3.2%, 4 of 125) after the period of nosocomial infection. This finding points out the importance of exposure history in the diagnosis of this infectious disease.
A total of 53 cases were defined as nosocomial infectionrelated cases. These included 35 with identified epidemiologic evidence and 18 with only a history of exposure to the contaminated hospital. Our results also showed different PCR positivity rates (37.1% versus 11.1%) between these two groups. Thus, the definite epidemiologic association was again shown to be important.
Positive predictive values were compared in this study. The last probable SARS case was reported on May 30, 2003. However, many cases continued to be reported until June 19, 2003 . Before and during the period of nosocomial infection, the PPV was > 20%, but it decreased to 3.5% after this period. Unfortunately, the false reports of SARS, after the reports of nosocomial infection, caused a public panic that resulted in over-reporting and over-diagnosis of the disease.
Hospital-based studies showed the transmission pattern of SARS in northern Taiwan. At first, imported cases from China transmitted the disease to family members through close household contact, and to a physician through hospital contact. 18 Afterwards, nosocomial infections involved patients, accompanying family members and health care workers in the emergency service 19 and wards of other involved hospitals. 8 Transmission of SARS was limited when health care workers followed standard precautions or specific infection-control measures, including droplet and contact precautions. 20 Effective infection-control strategies decreased nosocomial infections, and the outbreak was soon controlled. Community infection did not play an important role. 21 The situation was similar in southern Taiwan. Based on clinical diagnoses, SARS was endemic in southern Taiwan from March 13 to May 30, 2003, and the majority of cases during the initial stage were imported. Nosocomial infections and group panic related to the SARS event then followed. Due to the low positivity rates of the PCR for SARS coronavirus and low PPV, the actual number of SARS cases with unknown infection sources should be further verified.
